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® Surgical stapler. 



@ A stapler for the anastomosis of blood vessels 
includes a pair of tongs (6) with opposed outwardly- 
directed anvils (10) on Its jaws. Stapler amis (20, 22) 
can7ing stapler head structures (24) are adjustably 
positioned opposite the anvils (10) and staple drivers 
(42. 44) having operating handles (41. 43) are pro- 
vided to drive the staples. The tongs (6), stapler 
anms (20. 22). and staple cartridges are adapted to 
be assembled to the staple drivers (41, 42, 43, 44) at 
a pivot (15) during surgery allowing greater access 
to the blood vessel (B) (see Fig. 3) which is everted 
to fomn a cuff over the tongs (6). 

A stapler having a cylindrical configuration with 
an enlarged head portion (118) (see Rg. 8) over 
which a cuff is everted is also described. A circular 
staple cartridge (140) (Fig. 9) within the head forms 



^a complete closure ring. 
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SURGICAL STAPLER 



Background 

The present Invention relates to surgical sta- 
plers. A number of such instruments and the basic 
principals of their design were developed after 
World War 11 at the Institute for Experimental Sur- 
gical Apparatus and Instruments in Moscow. Sub- 
sequently, a good number of particular stapler in- 
struments and surgical techniques for their use in 
joining particular tissues or performing particular 
operations have been developed In this country 
and elsewhere. 

Among the commercially developed instru- 
ments and accessories how available are such 
Items as pre-loaded staple cartridges in various 
lengths containing one or two linear rows of sta- 
ples; disposable and pre-loaded linear staple guns; 
special cylindrical staplers which are Inserted along 
the interior of the lower intestine for placing a ring 
of staples for end-to-end anastomosis; and In- 
okuchi's vascular stapler, which uses pairs of fitted 
half-bushings and a special staple driver to perform 
anastomosis of blood vessels. 

While stapling has been demonstrated In many 
surgical contexts to provide better perfusion and 
enhanced healing of tissue with fewer complica- 
tions, as compared to conventional manual sutur- 
ing, there remain a number of particular surgical 
procedures for which no suitable stapling instru- 
ment or technique exists. 

Among such procedures are those involving 
anastomosis bypass and repair of medium to large 
arteries and veins. Presently, substantially all an- 
astomoses on vessels are done manually. The pro- 
cedure is time-consuming and requires dexterity 
and specialized skills; often cross-clamping or by- 
pass are required to carry out the anastomosis. 
Development of an effective stapler and proce- 
dures for its use on medium to large blood vessels 
may significantly speed up these procedures and 
reduce moriDidity. If such a stapler and procedures 
for its use can be modified to also wori( on smaller 
vessels, further efficiencies of practice may be 
expected. 



Summary of the Invention 

Accordingly, it is an object of the invention to 
provide an improved surgical stapler for autosutur- 
Ing arteries and veins. 

This is achieved In a surgical stapler wherein a 
first structure both grips a blood vessel and pro- 
vides a form over which the end of the vessel is 



everted to form a cuff. Tissue to be joined Is 
placed over the cuff, and a second stnjcture of the 
stapler is opposed to the first structure to secure 
the cuff and tissue theret>etween. One of the two 

5 structures includes an anvil or base plate, and the 
other includes a staple cartridge which is actuated 
to drive staples through the cuff and tissue against 
the anvil, forming an autosuture connection of the 
two layers. Sutures may be used to close the gap 

10 between ranks of staples around the vessel perim- 
eter where necessary. 

In one embodiment of the stapler instrument, 
the first structure includes opposed, outwardly fac- 
ing anvils. These are defined by a pair of tongs. 

75 having generally flat, spatula-shaped jaws with an 
extemai gripping surface adjacent an anvil surface 
on each jaw. The jaws are dimensioned so that a 
vessel may be gripped between the jaws and ever- 
ted Into a snuggly-fitted cuff over the gripping and 

20 anvil surfaces. A pair of arms are removably moun- 
ted about the tongs, and hold a linear staple car- 
tridge above each anvil oriented across the axis of 
the blood vessel. A staple drive member drives the 
staples from each cartridge. In a prefenred embodi- 

25 ment, the jaws accommodate an aorta having a 
diameter of 18-26 millimeters. A mechanism ad- 
justs the spacing of the arm and anvil to accom- 
modate different thicknesses of vessel tissue with- 
out trauma. The tongs, the amns and the staple 

30 driving mechanism are each separable from the 
others to allow clearance for manipulation of a 
blood vessel during surgery. 

In another aspect, the first structure over which 
the vessel Is everted includes a tubular cylinder 

35 having an enlarged head or flange at one end. The 
vessel Is placed through a central passage within 
the cylinder, and the vessel end is everted over the 
enlarged head and drawn In over the back surface 
of the head with a purse string about the cylinder. 

40 The tip of the first structure Is then inserted in the 
end of, or into a lateral incision of a second vessel 
such that the tissue of the second vessel overRes 
the everted tissue over the back surface. A base 
collar is then positioned opposite the back surface 

46 of the head, and a circular ring of staples is driven 
through the two vessels t>etween the base collar 
and the head, which contain an appropriately- 
shaped anvil plate and staple cartridge. A circular 
knife is then advanced within the base collar to trim 

60 the vessels beyond the suture line, and the stapler 
structure is removed, leaving the first vessel fully 
sutured by a circular rank of staples to the second 
vessel. 

Some ways of carrying out the present inven- 
tion will now be described In detail with reference 
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to drawings which show specific embodiments. 



Brief Description of the Drawings 

Figure 1 is a perspective view of a vascular 
stapler in accordance with the invention; 

Figure 2 is a detailed view of the vessel- 
gripping portion of the stapler of Figure 1; 

Figures 3A-3F illustrate steps of an end-to- 
side anastomosis perfomied with a stapler in ac- 
cordance with the invention; 

Figures 4A-4C illustrate steps of an end-to- 
end anastomosis performed with a stapler in accor- 
dance with the invention; 

Figure 5 illustrates second embodiment of 
stapler according to the Invention; 

Figures 6A-6E illustrate details of a third 
embodiment of a stapler according to the invention; 

Figures 7-9 Illustrate a fourth embodiment of 
a stapler according to the invention; and 

Figures 10A-10G and 10H-10I illustrated 
end-to-slde and end-to-end anastomoses per- 
formed with the stapler of Rgures 7-9. 

Detailed Description 

Figure 1 illustrates a prototype embodiment of 
a vascular stapler according to the present Inven- 
tion, to which reference will be made below for the 
purpose of describing surgical procedures, as well 
as illustrating certain novel features appearing in 
the various contemplated embodiments of the in- 
vention. 

The stapler 1 includes a central pair of tongs 5 
each finger of which has a jaw at its gripping end 6 
with a broad outwardly directed face 8 including an 
anvil structure 10 fomied thereon. The anvil struc- 
ture 10 includes curved recesses 12 for bending 
closed each staple of one or more lines of staples. 
The tongs 5 have a mounting structure 14 at their 
handle end, opposite the Jaws. 

Placed about tongs 6 are a pair of preferably 
separable stapler arms 2D, 22, each of which has a 
magazine 24 defining a receptacle 26 for holding a 
surgical staple cartridge in alignment opposite one 
of the anvils 10. Each magazine 24 has a floor 28 
which is fixedly-spaced from its opposing tong face 
8, and past which staples are ejected through sta- 
ple guiding openings 30. Amns 20. 22 are formed 
of a relatively stiff and strong material, such as 
stainless steel several millimeters thicl<. and the 
spacing of each ami from the tongs is effected by 
adjustment of a thumbscrew 32 connectiad to a 
screw 34, of which upper screw 34 is visible, for 
setting a minimal stapler gap to accommodate tis- 
sue between the opposed anvil and staple head 
without damage. 



The tongs 5 together with the stapler anms 20. 
22 are all mounted as a unit and attach by a 
spring-loaded push connection of the mounting 14 
over a transverse pivot pin 15. When so attached, 

5 these structures are fitted within a pliars-like staple- 
driving mechanism. Specifically, a pair of staple 
driving arms 42. 44 aligned with receptacles 26 are 
actuated by squeezing handles 41, 43 to drive 
staples from the cartridges against the anvils 10. 

10 The cartridge (not shown) may be a conventional 
surgical staple cartridge, or a specially-dimension- 
ed one of otherwise conventional design holding an 
array of staples of appropriate length and staple 
size. Preferably, as described further below In re- 

75 gard to Figures 3B-3E. the tongs and stapler anns 
are separable, to allow manipulation of a blood 
vessel thereabout in the course of the various steps 
of setting up the vessel for anastomosis utilizing 
the stapler device In accordance with the invention. 

20 The tongs 5 are illustrated In greater detail in 
Figure 2. The gripping end 6 of each jaw is formed 
as a broad, essentially flat support surface with a 
smooth even end face 7. On the outer support 
surface a plurality of thin teeth or barbs 11 pro- 

25 trude from the surface and serve to grip and se- 
cure in position any tissue coming into contact with 
the surface. The gripping elements 11 are approxi- 
mately .25-1.00 mm long, are extremely thin and 
stiff, and are of a length to grip but not perforate a 

30 vessel wall. Immediately adjacent to the gripping 
elements 11 Is the rank 10 of staple-bending anvils, 
constituted by rounded depressions 12, which may 
be formed on a separate plate mounted on the 
tongs. The rank of staples Is orthogonal to the long 

$5 axis of the stapler arms, and preferably comprises 
two staggered rows to more effectively prevent 
leaks. 

Figures 3A-3F illustrate an end-to-side an- 
astomosis of a blood vessel perfomned with the 

40 stapler of Figures 1 and 2. A vessel B Is cut to 
present a squared end. and a hole 50 is opened In 
the vascular wall of another vessel A. The length of 
the fenestration in vessel A Is approximately one 
half of the circumference of the vessel B, or 7rD/2 

45 where D Is the diameter of vessel 6. The vessel B 
which is to be anastomosed is then gripped by the 
tongs and its end 52 is everted over the opposed 
outwardly-directed anvil regions 10 to form a cuff 
53 with the endothelial layer of the vessel facing 

50 outward. A pair of sutures 54, 56 are then started in. 
the cuff at the edges of the anvil. During these 
steps, the tongs are separated from the rest of the 
stapler assembly to facilitate the manipulation of 
the blood vessel Into position. 

56 Next, the everted cuff 53 of vessel B. secured 
on the stapler anvil tongs 5. Is inserted into the 
fenestration 50 of vessel A and the stapler amns 20, 
22 are attached to the tongs and adjusted by 
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thumbscrews 32 to bring the stapler magazines 24 
down against the tissue of vessel A in the region to 
be stapled. Alignment pins (not shown) or other 
stapler registration means known in the art assur 
that each staple arm aligns conrectty with its op- 
posed tong and anvil face. The assembly Is then 
mounted via mount 1 4 on the staple driver handle 
assembly 41, 42. 43. 44 (FIGURE 1) and the han- 
dle Is actuated to press two rows of staples from 
each staple head and thus connect the everted cuff 
53 of vessel B to the side walls of vessel A along 
upper and lower linear regions. The two small 
openings that remain at the heel and toe of the 
opening 50 are closed by the U-shaped sutures 54, 
56 that were placed earlier (FIGURE 3C). The 
resulting end-to-side anastomosis, after withdraw- 
ing the stapler, is shown in Rgure 3F. In this 
anastomosis, the endothelium of-vessel A Is Joined 
to the endothelium of vessel B, and no staples 
penetrate to the Interior of either vessel or other- 
wise contact the bloodstream. 

In another surgical procedure using a stapler of 
the present invention, an end-to-end anastomsosis 
is effected in a topologically related way, and also 
results in an endothelium-to-endothelium autosu- 
ture with no direct staple-to-blood contact. 

According to this aspect of the invention, after 
vessel 8 is prepared as shown in Rgures 3B and 
3C. the end 60 of a vessel C to which vessel B is 
to be joined is stretched over the anvil head and 
aligned with the everted cuff 53 as shown in Figure 
4A. The stapler arms are then attached and ad- 
justed as shown schematically in Rgure 4B. with 
the everted portion of vessel B and the proximal 
end of vessel C positioned between the stapler 
heads and the opposed anvils. Pressing of the 
activation arms then drives two rows of staples 
from each head through the vessel walls, connect- 
ing the everted portion of vessel B to vessel C. As 
In the previous example, the two small openings 
left In the areas between the upper and lower linear 
ranks of staples are closed with two sutures on 
pledgets. The completed end-to-end anastomosis 
is illustrated in Rgure 4C. 

Figure 5 shows a second embodiment 70 of a 
surgical stapling apparatus according to the inven- 
tion. In this embodiment, the anvil tongs 5 and 
staple head 20, 22 are reduced In dimension to a 
size adequate to perform their tissue-gripping and 
cartridge-holding functions. In this emtwdiment. 
however, an elongate handle 72 Is provided to hold 
and actuate these other elements. Handle 72 in- 
cludes one or more mechanisms, such as lever- 
actuated rods or cables, or a fluid-driven actuator 
(not shown) for transmitting tissue-gripping or 
staple-driving pressure or control from operator ac- 
tuated handpieces 73. 75 to the stapling mecha- 
nism. This embodiment advantageously requires 



very little clearance or working space at the an- 
astomosis site. 

Rgures 6A-6E show construction details of a 
third embodim nt 80 of th. invention. In this em- 

5 bodiment. a pair of tongs 85 carry a pair of out- 
wardly directed anvils similar to those of tongs 5 of 
the first-described embodiment The tongs 85 have 
a fixed shank or handle 86 by which the instrument 
is manipulated, and are set up to receive upper 

10 and lower stapler amns 82. of which one is shown 
separately In Figure 6B. A fork 87 at the end of 
each arm 82 engages a cross pin 88 to pivotally 
align the am with a tong 85, and a thumbsaew 90 
mounted on a bolt 91 in a T-slot 92 of the tongs 

75 threadedly engages the arm 82 to adjust its spac- 
ing from the anvil. 

At the end of anfn 82 opposite the fork 87, a 
magazine 81 or other hokling means receives a 
pre-loaded cartridge 83 which conteins an array of 

20 staples. As described in greater detail below, the 
staples are expelled from the cartridge without 
causing the arm to bear against the tissue by 
inserting a wedge-tipped drive bar 94 into a chan- 
nel 93 in the cartridge 83, and advancing the drive 

25 bar through the channel transversely to the axis of 
the tongs. 

Figures 6C-6E show detailed views of the sta- 
ple cartridge 83 and steple expelling mechanism. 
For clarity of illustration, a cartridge having two 
30 rows of three staples each is shown, although it will 
be understood that for an aortic stapler k)nger rows 
including perhaps seven to fifteen staples woukJ be 
used. 

Cartridge 83 is a molded substantially recten- 

35 gular plastics block having two linear rows of verti- 
cally extending keyways 95 passing entirely 
through the block. Each keyway 95 holds and 
aligns a steple 96 oriented with ite staple axis 
parallel to the long axis of the cartridge 83. The two 

40 rows of staples are offset, or staggered, from each 
other by approximately one half a staple width, so 
that they define an unbroken tissue closure line 
when applied to anastomose a vessel. 

Over each offset pair of staples in adjacent 

45 ranks rests a pusher block 97 (Rgures 6C, 6D) 
which has a central body portion 98 with a groove 
99 In ite top or outer surface running along the axis 
of the rank of steples, and first and second runner 
blocks 100a, 100b extending from the central block 

50 98 and predsely fitted to the two opposed keyways 
95 of the two different ranks of staples. The runner 
blocks thus secure the sides of the cartridge 83 
against lateral spreading. The groove 99 in the 
central block portion 88 is aligned with a central 

55 channel 102 extending along the middle of the 
cartridge, and also with the slot 93, so that when 
the wedge-tipped drive bar 94 Is inserted into slot 
93 it successively pushes down the pusher blocks 
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97, so that the runner blocks 100a, 100b eject 
successive pairs of staples 96 as the bar advances 
along channel 102. The pusher bar 94 may be 
formed of stainless or spring steel approximately 
0.5-1.0 millimeters thick, and may be Inserted by 
hand, or advantageously may be driven by me- 
chanical means. While it is preferred to have car- 
tridges 83 formed as separate disposable units 
which are inserted into stapler arms 82, It is also 
possible to form the arm 82 and cartridge 83 as a 
single disposable unit made of plastics 

In each of the foregoing embodiments, the end 
of a vessel is anastomosed by everting it over an 
outwardly facing anvil surface, placing a second 
vessel over the everted cuff and stapling against 
the anvil surface. While it may be desirable In 
some embodiments to interchange the positions of 
the stapler cartridge ancflhe anvil, it is preferable In 
these embodiments to place the anvil on the cen- 
tral tongs, and the staple cartridge on the structure 
placed about the tongs. This configuration Is se- 
lected, in part, to permit the tong structure to be as 
thin as possible, so that excessive stretching is not 
required to form the everted cuff. 

In a different embodiment, the tongs are re- 
placed by an elongated axial member, i.e.. a cyl- 
inder, having an enlarged head or flange over 
which the vessel is everted. Such an embodiment 
is shown in Figures 7-10. In this embodiment, the 
first vessel is still passed through the member and 
evened over the end to fonn a cuff. However, 
unlike the embodiments of Rgures 1-6, the anvil 
face is an angled or axially-dlrected circular face 
rather than a pair of radially directed linear seg- 
ments. Further, as discussed below, the circular 
staple cartridge is preferably contained within the 
head over which the vessel is everted. 

The novel topology for everting and gripping a 
vessel is achieved by providing a central passage 
extending through the stapler head, and forming 
the head structure in opposed sections so it may 
be removed from about the vessel after use. A 
vessel passes through the central passage, and its 
end Is folded back over the enlarged head and 
secured, for example, by tying with a purse string. 
This provides an outwardly-facing endothelial layer 
entirely covering the circular anvil face. In other 
respects, this embodiment of the device has a 
structure quite similar to many end-to-end Intestinal 
stapler devices, with a central shaft, ring-shaped 
stapler cartridge and staple-bending anvil, and cir- 
cular cutter blade. However, as discussed further 
below, by everting the vessel over the head assem- 
bly, applicants stapler provides a stapler which 
operates entirely from the outside of a tubular 
vessel or tissue structure. The resultant an- 
astomoses are free of internal narrowing or 
Intemally-protruding staples. 



As shown in Rgure 7. an embodiment of 110 
of this aspect of the invention includes a vessel 
securing structure 112a.* 112b. a collar or base 
114a. 114b and a circular knife 115 each of which 

s is anranged in one or more separate parts which 
may be assembled together to form a basically 
cylindrical structure. The illustrated vessel securing 
structure has a pair of opposed half shells or anms 
which when placed together enclose a central pas- 

70 sage 116 extending to the front end 117 of the 
structure. At end 117, each portion of the structure 
culminates in an enlarged head portion 11 8a, 118b 
which Includes a back face 119a, 119b having a 
plurality of staple-guiding apertures 120 therein. A 

16 cut-out 122 In each portion of the structure com- 
bines to fomi an access opening to the interior 
passage 116. The back, or operator, end of the 
structure*-112a. 112b may extend further to a com- 
mon hinge (not shown) or to a collar or other 

20 adaptor which mounts it to a handle or othen^ise 
openably secures the two halves together for use. 

Skipping ahead briefly to Figure 8, there is 
shown a sectional view through the gripping struc- 
ture 112 formed of the opposed halves 112a. 112b 

25 with a blood vessel 130 placed therein for stapling. 
As shown, the end of vessel 130 is folded inside- 
out over the head 118 so that its endothelial tissue 
132 faces outwardly over the head 118 and its 
stapling face 119. A purse string 135 secures the 

30 everted cuff of vessel tissue to the central shaft. 
Altematlvely, a plurality of barbs or other gripping 
means might be used instead of the purse string. 
By way of scale, if the stapler is intended for use 
with a vessel of four to six millimeters diameter, the 

35 central passage 116 may be formed with a lesser 
diameter to accommodate the empty vessel, and 
the shoulder 119 may have an inner diameter of 
four to six millimeters and a width of one to three 
millimeters. For a given vessel, the relative sizes of 

40 these features are selected to accommodate the 
available elasticity of the vessel and to provide an 
adequate staple face 119 without occluding the 
vessel which, as will be seen with reference to 
Rgure 10A-10G. must pass through the ring of 

45 Staples. The exemplary dimensions above may ap- 
ply, for example, to a vessel for an aorta coronary 
bypass graft. 

Returning now to Rgure 7. following the as- 
sembly of -the vessel gripping structure 112 about a 

so vessel, the collar or staple base structure 114, 
consisting of mating plates 134a, 134b is assem- 
bled together by snapping the two halves 114a. 
114b together. A layer of tissue to which the vessel 
130 is to be anastomosed is then brought into 

55 position over the staple face 119. and the base 
structure 114 is brought into position by the thumb 
grip 137 and secured by a linear gripping stoicture, 
illustrated by ratchet and tooth mechanism 136a 
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136b. This places the plates 134a, 134b In align- 
ment over the staple directing passages 120 for 
closing staples driven therethrough. Rgure 9A 
shows an axially directed view of a plat. 134a. 
Illustrating the curved depressions 138. of a con- 
ventional type for closing surgical fasteners. It will 
be understood that where a two-part fastener is 
employed rather than a staple, plate 134a would 
Instead be adopted to hold and apply one of the 
two mating parts of the fastener. 

Continuing still with the description of Figure 7. 
the last element shown is a circular knife 115, 
which in this embodiment includes opposed half 
portions hinged at hinge 115a. Knife 115 fits about 
the shaft of gripping structure 112. and is guided 
by the shaft so that when urged forward its cutting 
tip 115b cuts a circle against the face 119a. 119b 
of the head 1 18. radiallr^hiward of the staples, but 
of course outside of the vessel 130 which is en- 
tirely protected within the passage 116 of the grip- 
ping structure. The interior wall of the stapling base 
or collar 1 1 4a. 1 14b also guides the knife. 

Preferably, as shown in Rgure 9B. the head 
118 contains a pre-assembled staple cartridge 140 
or chamber pre-loaded with staples and a staple 
pushing mechanism. The mechanism may Include 
or be actuated by a diaphragm 142 which is moved 
by pressurized fluid provided via passage 145 from 
an operator controlled source via a trigger or other 
control mechanism. The pre-loaded staple chamber 
or cartridge 140 is semicircular, and the staple 
directing passages 120 are aligned with the cor- 
responding portions of the base plates 134a, 134b. 

Tuming now to Rgures 10A-10I. the steps of 
performing end-to-end and end-to-side an- 
astomoses with this apparatus are shown in some 
detail. 

Rgures 10A-10G illustrate the end-to-slde an- 
astomosis of a small vessel 130 to a larger vessel, 
denoted B, which may, for example, be the aorta. 
The intenmediate steps are shown in section to 
better illustrate stapler operation. As shown In Rg- 
ure 10A, first an incision 150 having a length ap- 
proximately the diameter of the smaller vessel is 
made In vessel B. The tip of the vessel gripping 
structure with vessel 130 attached thereto, as 
shown In Rgure 9, is then Inserted through the slit, 
and the base plate 134a. 134b is brought down into 
position over the wall 152 of vessel B about the 
opening 150 so that the everted cuff of vessel 130 
and the interior wall of vessel B are in contact 
between the staple face 119 and the base plate 
134. Preferably, a radloopaque pledget 156 which 
is formed, for example, of Teflon felt is first placed 
about the shaft. The pledget is formed as a split 
v\rasher, as shown in Rgure 90. 

The stapler is then actuated to place a double 
rank of staples in a circular ring as shown In Figure 



IOC. After stapling, knife 115 is brought down 
against face 119. as illustrated in Rgure 100. to 
trim a perfectly circular opening in vessel B and 
cut off the end remnants of vessel 130. The stapler 

5 elements 114, 115 are then disassembled and the 
structure 112 is withdrawn from the site, leaving the 
vessel 130 fully sutured to and loosely extending 
into vessel B (Rgure 10E) vessel 130 Is then pulled 
taut (Rgure 10F). The resulting anastomosis, unlike 

10 convention circular staple anastomoses as em- 
ployed In intestinal surgery, has no exposed staple 
surfaces in the interior of the vessel and does not 
reduce the vessel diameter at the anastonnosis site. 
Rgure 10G shows a perspective view of the com- 

75 plate anastomosis. 

It will be appreciated that the structure and 
method shown In Figures 7-10 Is not limited to 
end-to-side anastomoses, or to anastomoses of 
vessels of differing diameters. 

20 Figure 10H shows, by way of example, the 
manner in which vessel 130 would be end-to-end 
stapled to a vessel C of comparable diameter. In 
this case, the end of vessel C is fitted over the 
head 118 and secured to the shaft with a second 

25 purse string 135a before stapling. After clamping, 
stapling, cutting, withdrawal of the instrument and 
pulling axially as described above, the resulting 
staple junction, shown in Figure 101, has a com- 
plete ring of staples about the exterior of the vessel 

30 with no staple surface exposed to the interior, no 
narrowing of the vessel, and no need for manual 
suturing. 

Thus, the invention provides a novel apparatus 
for stapling tubular tissue, generally referred to 
3S herein as vessels, and provides a particulariy ad- 
vantageous class of Instruments for joining blood 
vessels. 

The invention being thus disclosed, and several 
instmments of the Invention being thus described, 
40 modifications and variations will occur to those 
skilled in the art. and such modifications and vari- 
ations are intended to be within the scope of the 
Invention, as defined by the claims appended here- 
to. 

45 

Claims 

1 . A surgical stapler comprising 

50 a set of tongs adapted for passage of a blood 
vessel segment theret)etween and having at one 
end a pair of vessel gripping jaws sized for ever- 
ting the end of the blood vessel segment to form a 
cuff supported by said jaws, each sakJ jaw includ- 

55 ing an outwardly facing jaw anvil adjacent said on 
end. 

an arm stmcture. mounted about the tongs to posi- 
tion surgical staples In alignment over the jaw 
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anvils, 

means for setting a spacing between the tongs and 
the arm structure to accommodate a vessel wall 
placed over said cuff, and 

means for driving the surgical staples against the 
jaw anvils to join the vessel wall and cuff thereby 
anastomosing the blood vessel segment. 

2. A surgical stapler according to claim 1, 
wherein each said gripping jaw Includes means for 
gripping the vessel to secure the cuff in position. 

3. A surgical stapler according to claim 1 or 2, 
wherein said am structure supports a plurality of 
staples in a row facing the axis of the blood vessel 
segment. 

4. A surgical stapler according to claim 3, 
wherein said tongs, said arm structure and said 
means for driving are each separate parts which 
may be assembled together In operative relation 
after forming said cuff on the tongs. 

5. A surgical stapler comprising 

a set of tongs having a central axial passage for 
passage of a tubular member therethrough and an 
enlarged head such that an end of the tubular 
member may be everted over the head and se- 
cured, 

a collar structure removably placeable about the 
tongs adjacent the head. 

a circular staple cartridge and a circular staple anvil 
each contained in a different one of said head and 
said collar, and 

means for driving staples against the anvil to staple 
the everted end of the tubular member to a layer of 
tissue placed between said head and said collar 
structure. 

6. A stapler according to claim 5, further com- 
prising a circular knife located radially Inward from 
said circular staple cartridge for trimming material 
located topologically outside of said tubular mem- 
ber. 

7. A stapler according to claim 5 or 6, wherein 
said means for driving includes a non-rigid cou- 
pling means. 

8. A stapler according to claim 5. 6 or 7. 
wherein said set of tongs comprises a pair of half- 
cylindrical tip members. 

9. A stapler wherein a first tubular tissue struc- 
ture is secured over the head of a shaft having an 
axis oriented parallel to the first tissue stmcture for 
anastomosis to a second tissue structure, char* 
acterized in that the shaft is formed of opposed 
portions enclosing a central passage extending 
along the axis, and the first tubular tissue structure 
passes through the central passage to be verted 
over the head so that the inner surface of the first 
tissue structure faces outwardly to contact the sec- 
ond tissue structure along a stapling region which 
is preferably a ciroilar stapling region. 

10. A surgical stapler comprising 



a vessel gripping structure having opposed first 
and second outwardly facing portions at an end 
thereof, said end being shaped and dimensioned 
such that a blood v.ssel may pass through the 

5 Intedor of the structure and be everted to form a 
cuff over the outwardly-facing portions, 
a staple base structure aligned with the outwardly 
facing portions of said vessel gripping structure, 
means for adjusting the spacing between said sta- 

70 pie base stmcture and said outwardly-facing por- 
tions to accommodate a desired thickness of ves- 
sel tissue without destmctive pressure, and 
means for driving staples between the base struc- 
ture and the outwardly-facing portions through said 

75 cuff to autosuture tissue to said cuff. 

11. A stapler according to claim 10, wherein 
the end of the vessel gripping structure includes a 

> --head portion with a staple cartridge holding at least, 
one row of staples oriented substantially along the 
20 direction of a blood vessel held in said vessel 
gripping structure. 

12. A stapler according to claim 10 or 11, 
further comprising a circular knife. 

13, A surgical stapler comprising 

25 a vessel gripping stmcture having opposed first 
and second outwardly-directed anvils at gripping 
jaws thereof, said jaws being dimensioned such 
that a blood vessel may be everted to form a cuff 
over the anvils, 

30 a pair of ems aligned with said vessel gripping 
stmcture. each anm having a staple-holding head 
portion which holds a plurality of surgical staples 
aligned with a corresponding one of said first or 
second anvils so that the staples are closed when 

35 driven against a said anvil, 

means for adjusting the spacing between said pair 
of amns and said anvils to accommodate a desired 
thickness of vessel tissue without destructive pres- 
sure, and 

40 means for driving the staples of each staple hokl- 
ing head against the anvil aligned therewith to 
autosuture tissue to said cuff. 

14, A stapler according to claim 13, wherein 
each said staple-holding head portion Includes a 

45 cartridge holding at least one row of staples and an 
alignment frame into which said cartridge fits, and 
is oriented along an axis substantially orthogonal to 
a blood vessel held in said vessel gripping stmc- 
.ture. 

50 15. A stapler according to claim 14. wherein 
the cartridge has a central passage extending the 
length thereof above the staples, such that motion 
of a drive member along the passage is effective to 
drive the staples against a saJd anvil. 

56 16. A cartridge for stapling tubular tissue com- 
prising a cartridge body and at least one row of 
staples arranged in said body forming a semicircle 
of diameter between two and thirty millimeters and 
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nominally greater than the diameter of the tubular 
tissue which is to be stapled. 
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